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(71) We, Robert Hildebfand 
Maschinenbau GmbH. Nurtinger Strasse. 
68, D7466 Oberboihinger, Gennaaiy, a Ger- 
man Comimay, do her-eby declare the in- 

5 vention, for which "Wfe pray diat a patent 
may be panted to us, and the method by 
which it is tt> be pKrforrned, to be particu- 
larly described in aad by the Mlowing 
statement: ^ . , 

10 The present inventioa relaites to a meoioa 
and appairatus for curiag and hardening a 
coating v^-hich is applied upon a base or 
other ^pport aiid consists of an organic 
material which whem energized by 'bcmg 

15 exposed to at leas-^ one flash of ultraviolet 
rays reacts exothefmically. When spealdng 
herem of a material which reacts exotherma- 
cally, a material is meaat which gives off 
en'ergy during its reaction, for example, a 

20 varnish which dries by oxidatdon and may 
©specially be either a synthetic resm var- 
nish or an oil vamfeh- 

In one priar meihod f-OT ourmg a film 
consisting of an: unsaturated polyester,^ a 

:25 photosensidzer is added to this material. 
By being exposed to flashes of ultraviolet 
light of at least 50 watt seconds per flash 
and-ait-photochemicaUy_actiyerW^eJ^g$s, 
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these photosensitizers release radicals which 
30 initiate the reaction in the polyester film. 
Since the quantity of photosensidzers wMch 
is added to the polyester amounts to 0.5% 
of the latitsr, a reaction will occur at first 
onlv in up (to 5% of iJie outer snnfece area 
35 of the polyester film. It is dierefore neces- 
sarj*" to carry out a very large number of 
flashes in ordar to latitain iChe desired final 
cure of the film. In order to reduce the 
lengitli of time which is required for the 
40 entire curing process, a plunility of flash 
tubes are provided which pcoduce flashes 
successively. The amount of ultraviolet 
light which is required for fully curing the 
polyester film may be reduced if the base to 
45 be coated with this film is first primed with 
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a groimd coating upon which the polyerfer 
film is then applied, whereupon this primed 
and ooaited base is thea subjected to a 
heat ticatocnt before it is exposed to die 
ultraviolet lays. 

According to one aspect of the present 
invention, Hsgcc is provided a method 
curing aald hardenang a coating applied _ 
a liquid conditioii upon a base and consist- 
ing of an organic ma$eiial not containing a 55 
photoscositizer which reacts cxothermically 
including the step of energizing the organic 
material by exposing it to at least one flash 
of ultraviolet rays which dlreotly initiates 
the i^cdon in said material, said ultra- oO 
violet rays comprising art least a component 
having a wave laigSi equal to 197.4 run 
csffeotive for curing said material and lying 
within 4he resonant ■ range of a radical of 
the material of said coarting to be cured. 

If a flash of ultravi<rfet light acts directly 
upon the material, the reaction of the ©cit- 
ing which is exp^ed to this li^t will start 
along its entire surfece and will penetrate 
ifrom f&e latter to the imide of the coating 70 
like a dhain reaction, whereby the organic, 
exothermically reacting material will be 

cu r^ and hardened w ithin a very short time. 

~Ttiusrfoi^a5irpler'a~sin^^ 
ultraviolet rays may suflBce for curing and 
haidening such an organic, exot<hermically 
reacting material 

Accoiding to another aspect of the pre- 
sent invention there is provided an. appa- 
ratus for carrying out the process claimed 
in claim 1 comprku^ means for applying 
a coating to a base, an. ignition unit and a 
flash lamp connected to said ignition unit 
and adapted to produce a flash c3 ultraviolet 
rays in. order direcdy to initiate the reac- 
tion of said material said flash lamp being 
adapted to produce flashes of ultraviolet 
rays, having a conrponent of a wave length 
equd. to 197.4 nm effective fox curing said 
mat^al and Ij^g within the resonant range 9? 
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of the radical of said mateiial to be cmcfL 
The componenit of efiE«ctive wave lengtli does 
not have to amount to a large campon^t 
of the entire wave range of i&e rays of each 
5 flash 'but only a small oomponent of this 
range will suffice whidi lies within the re- 
sonant range of the radical of the nsateiial 
to be cured. However, the larger this com- 
ponent is made, tihe shorter will be tihe 

10 length of time which is required for fully 
curing and hardening the material. £f tho 
wave range of each flash is sufficiently 
large, it may also be of advantage to employ 
additional wave lengths of 184,9 ond/or 

15 389.0 ran. 

For curing and hardening a coating of 
an orgamc m^edal which is applied upoa 
a base and after being energized by being 
exposed to ultraviolet rays reacts exotixermic- 

20 ally, the invention further provides an.^ ap- 
paratus which comprises an ignition unit 
and a flash lamp oonnected to the ignidon 
unit and adapted to produce a flash of ultra- 
violet rays hi order directly to initiate the 

25 reaction of said material without previously 
requiring the addition of photosensitizers 
thereto so as to cure and harden the 
materiaL 

The invenUott wHl now be described, by 
30 way of example only, with reference to the 
accompanying drawings, in which — 

Figure 1 shows a diagrammatic cross 
section of an apparatus according to the 
invention; 

35 Figure 2 shows a graphic illustration of 
flash impulses which are produced by an 
ultraviolet lamp which is oonnected to u 
source of alternating current; 
Figure 3 shows a diagrammatic graphic 

^ illustration of flash impulses of the flash 
lamp of the apparatus according to the 

i3ivention;„while 

Figure 4 shows a circuit diagram of an 
ignition unit of this apparatus. 

45 The apparatus according to the invention 
as illustrated in Figure I comprises a hous- 
ing 1 which is closed toward the outside 
and contains a conveying mechanism 2, for 
example, in the form of rollers which are 

50 driven from the outside and are adapted to 
convey, for example, relatively thin flat ele- 
ments 3 which are provided with a coating 
4 consisting of a synthetic resin varnish or 
oil varnish which is capable of drying by 

55 oxidation. On the upper wall of housing 1 
a flash tube 5 is mounted whidi is con^ 
neoted to an ignition unit 6 and produces 
flashes of ultraviolet rays at least a certain 
component of which has a certain, wave 

60 length or frequency. 

J$ the flash tube 5 would be oonnected 
to a conventional source of alternating cur- 
rent, it would emit flash impulses of the 
kind as illustrated in Figure 2. However, 

65 by being oonnected to the ignition unit 6, 



tube 5 wiU produce flash im^Hilses of a 
shape as illustrated in Figure 3 or of an- 
other shape similar thereto. Dependiag upon 
the kind of flash tube employed, it may be 
necessaiy to suj^ply it with a base voltage 70 
of a certain mmimirm strength. Snch a bas& 
voltage is not required if the flash tube 
consists, for example, of a xenon-flUed tube 
which is provided with an additional igni- 
tion winding and the sealed bulb of which ^5 
preferably conisi&ts of a quaitz or like 
which is highly permeable for ^e desired 
wave length. If, however, a mercury-vapor 
lamp is employed, it has to be supplied 
with a base voltage for preventing it from 80 
being cxtmguished after each flash. 

As illustrated in Figure 4, the ignition 
unit 6 for tube 5 is provided with a trans- 
former 7 which is to be connected to a 
-source of alternating^ current aiKi the secon- 85 
dary skfe of which is connected via a ontc- 
way rectdfler 8 and a resistor 9 to the 
electrodes of tube 5 which is also connected 
in. parallel to a condenser 10. An igaition 
ckcuit which is likewise connected to the 90 
secondary side of the transformer 7 com- 
prises a two-way rectifier 11, 12 in a bridge 
circuit which contains a smoothing conden- 
ser 13 one side of which is ccnmec^ed to 
one of Jihe electrodes of tube 5, while its 95 
other tside together with the rectifier 11, 12 
is connected via a resistor 14 to a higji- 
tension or ignition transformer 16 to which 
an ignition condenser 15 and a switch 17 
are connected in parallel. This switch 17 100 
may be a pidse switch, a thyristor or the 
like. The ignition transformer 16 is con- 
nected to an ignition winding 18 of tube 5. 
The ignition unit 6 is adapted to produce 
short flashes as illustrated m Figure 3, each 105 
of which lasts for about one thousandth of a 

_second_and_which_are_separated_frora_each 

other by long intervals. The longer Hie 
intervals are made between the individual 
flash impulses which may also be of a shape 1 10 
different fiom that as shown in Figure 3, 
the smaller will be the amount of energy 
which is required for curing ^d hardening 
the coating material. 

As previously described, the apparatus 115 
according to the invention is to be used for 
curing and hardening a coating which is 
applied upon a base or support and con- 
sists of an organic material which when 
enM'gized by being exposed to radiation 120 
reacts exothcrmically and continues to re- 
act when the flash is completed. This 
material especially comprises a varm'sh 
which dries by oxidation. This may be, for 
example, a synthetic resin varnish or an. 125 
oil varnish. These kinds of varnishes are 
rehrtively inexpensive and are therefore 
more frequently employed in industry than 
other varnishes. 

When a flash of light from tube 5 hits 130 
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upon 'the surface of the coating, it starts a 
reaction, in the latter and condnues m the 
form of a chain reaction into tihe mside of 
•the coating. This reaction is very intensive 

5 since a large muniber of molecules of the 
•surface layer participale itherein. Under 
favorable conditions a single flash may suf- 
fice for curing and hardening the coaiting, 
while in other cases severe flashes will be 
10 required. . 
When to varnishes employed are bemg 
cured, an energy-producing or exothciimc 
reaction occurs thereia which is caused or 
initiated by at least one flash of a certain 
i5 wave leng&i. As already stated, the var- 
ndshes continue to react to a certain extent 
wben the respective flash is completed. 
When this or^nic matedal is exposed to 
a flash, the radical of this material is ener- 

20 gized at a frequency which corresponds to 
its inherent frequ^cy, and tihis radical par- 
ticipates in tie curing process of the 
maiberial, for exan^fe, a vamisih^ drying by 
oxidatron* whereby oxygen is aodvated. For 

25 the greatest effect the rays must have a 
ifeequaicy which corresponds to the reson- 
ant frequency of the radical of the coating 
which combine with oxygen. In all varnishes 
to which the ■method according to the inven- 

30 tion applies, this frequency corresponds to 
a wave length of 197.4 nm. The curing 
process may be further accelerated if a 
small component of the rays has a wave 
length which corresponds to one of the 

35 resonance Idaes of iflie oxygen and amounts, 

^'for example, to 184.9. It has also been 

\ found that the curing .process may be accele- 

tJ rated if a component of the rays has a 

I wave lengdi of 389.0 nm, 

W The number of flash impulses whicb are 
to be produced witltin a certain time imit 
mav differ in accordance with the particular 

^kind-ofvamish-enrployed-and-while-in-one- 

case a single flash impulse may suffice, it 

45 may be necessary in other cases to apply 
10 Co 20 flash impulses per second. The 
numfber of flash impulses which have to 
impinge upon the coating for curing and 
hatdening tiie same depends upon the type 

50 of maiberial and the iJiickness of the casing 
of the flash tube and upon the component 
of effective rays of all <rf the rays emanat- 
ing from the tube, and also upon the thick- 
ness of the coadng, the permeability of the 

55 coadng to the penetration of f&e rays ap- 
plied and upon similar factors. 

The enei^-producing or exothermic re- 
action of the coating materials employed 
must be initiated by flash impulses of a 

•^0 certain frequency and must continue at least 
for a certam loigtti of time after each flash 
is tOToinated. For reducing the length of 
the period required for the curing process 
the vami&hes to be dried may be fixed with 

•65 quickly evaporatrng solvents of a low boil- 



mg point, for example, with ethyl acetate, 
btitanol, acetone or the Hke. Hie addition 
of chromic add or of aimnonium bichrom- 
ate from which chromic acid is formed at 
the moment of a flash has an additional 70 
curing and hardening effect. 

The energy of the rays which is required 
for the curing process is the lower the longer 
the interval between the flash impulses is 
made as compared with the length of time of 75 
one flash. Thus, it has been found that 
when this relatdon is made of a value Oif 
100: 1. very good curing and drying results 
will be aittained at an extremely low output 
of power. ^ 

A wave length which has proved effective 
for curing a preferred exothermically react- 
ing organic material has been found to be 
the length of 197.4 nm which is the r^on- 
ant frequency of the radical of die material 85 
to be cured. The short-wave component in 
which the wave length of 197.4 nm occurs m 
an ultraviolet lamp may be increased by 
employing a curtent of a density of more 
thm 4000 A/cm^ for producing one flash 90 
at on output of less than 100 wajtt seconds 
and by making the length of the flas:h 
smaller than 50 microseconds. The higher 
the current density is made, the toger will 
he the short-wave component containing the 95 
wave length of 197.4 rm and the current 
density may be made much higher than the 
value as previously stated and may amount 
'to about 30 000 A/cm*. 

If the flashes only last for a short time, 100 
the electrodes of the flash tube will not be 
highly heated and it will therefcMre be neces- 
sary to cool them very little, if aft all. A 
favorable length of the flashes lies wi^iin 
the range of 20 to 30 milliseconds. If each 105 
flash has a shorter len^h, the frequency of 
the flashes may be made much higher thSLtt 

-.that-which-is-possible-if-the-flashes_last_for 

longer periods, aiKi they may amount, for 
example, to 100 flashes per second and 110 
more. At a higher frequency, the number of 
flashes within a certain time unit and thus 
also the effective wave-length component of 
the en^ wave range wDl be higher than 
at a lower frequency. This component may 115 
^erefoie be considerably increased when 
the frequency of the flashes is increased. 
At short flashes, the amount of energy 
emitted from each flash and received by the 
coating will also be low, 120 

The required power output of each flash 
amounte to less than 100 watt seconds and 
in actual practice it geiierally amounts to 
a much lower value and lies, for example. 
. within an order d about 20 watt seconds. 125 

For dryhig a coating material which con- 
sists of a synthetic-resin varnish or oil var- 
nish and dries by oxidation, a xenon flash 
tube is preferably employed. The frequency 
of the flashes of such a tube amoxmts to 130 
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10 cycles per second and the flash output to 
slightly less than 100 watt seconds at aa 
anode voltage of 4 KV. The following 
examples were carried ->ut with suoh a 
5 flash tube for curing ar. \ hardeniGg par- 
ticular coating ■ma'terials 13. accordance with 
the invention: 

1. A vamish consisting cf 35% of styio- 
lized alkyd, 50% titanium dioxide and 15% 
1<> of a solvent, for example^ high-grade ^so- 
IJne. and with the thicteness of the coasting 
amounting to 30 .micrometers was fully 
cured and hardened after being exposed to 
400 flashes. 

15 2. A mixture of 60% of alionianm^ 
reinforced soy oil, 30% of iron oxide red, 
and 10% of xylol with a thidcness of the 
coating of 30 micrometers was ft-Uy cured 
and (hardened after beiug expose-j to 300 

20 fias:hes. . . - ^e>«/ 

3. A colorless varnish consistii.? or 58% 
of v^etaWe fatt>' adds and 32% of a 
solvent, for example, high-grade gasoline, 
and with a thitdcness of the coating of 25 

25 micrometers was fully cured aad hardened 
after being exposed to 600 flaishes. 

4, A printing ink of a coimnerci**! type 
which consisted of a majfcerial which dries 
by oxidation and contained no addition of 

30 siccatives and had a layer thickness ^ of 
about 3 micrometers was applied hy a print- 
ing press upon paper. The ink was com- 
pletely dried and cured aifter being exposed 
to 10 flashes. 

35 The invention therefore relates to thei 
curing and hardening of a coating which is 
apphed in a liquid oonditi<m upon a base 
and consists of an organic material which 
reacts exothermacally when energized by 

40 being exposed to one or more flashes of 
ultraviolet rays of a flash lamp which directly 

jiiitiatethe-reactioai-in-the-coating-material- 

without requiring photosensitizers to be 
added to thi-s material. 

45 Although my invention has beea illus- 
trated and described "wilh reference to the 
preferred embodiments thereof. I wish to 
have it imderstood that it is no way limited 
to the details of such embodiments but is 

50 capable of numerous modifications within 
the scope of the appended claims. 

WHAT WE CLAIM IS:— 
1. A method of curing and hardening 

55 a coating applied in a liquid condition up-on 
a base and consisting of an organic material 
not containing a photosensitizer which reacts 
exothermi<^y inclufeg the step of ener- 
^zing the organic material by exposing it 

60 ic at least one flash of ultraviolet rays which 
directly initiates the reaction in said material, 
said uitra^olet rays comprising at least a 
oompcment having a wave length equal to 
197.4 mn effective for curing said matenal 

65 and lying within the resonant range of a 



ladical of the material of said coating to be 
cured. 

Z A method as defined in Claim 1, in 
which said rays have an additional compon- 
ent with an effective wave length of 184.9 70' 
nm. 

3. A m^od as defined in Oaim 1 or 
2, in which said rays have an additional 
coiriponent with an effective wave lengtih of 
389.0 nm. 75- 

4. A method as defined in claim- 1, in 
which said coating is exposed periodically 
to a plurality of flashes all lasting for a 
substantially equal length of time and each 
■being separated from the next flash for a SO* 
period of time having a length equal to a 
large multiple of the length of time of one 

of said flashes. 

5. A method as defined in claim 4, in 
which each of said periods of time between 85 
successive flashes is more than on© himdred 
times as long as the length of time of on© 

of said flashes. 

6. A method as defined in claim 1, in 
which ?for producing said flash a flash lamp 90- 
is employed and supplied with a current 
having a density of more than 4000 A /cm* 
and an ouput of less than 100 watt seccmds, 
said flash lasting for a period of less than 

50 microseconds. 

7. An apparatus for carrying out the 
process claimed in claim 1 comprising means 
for applying a coating to a base, an i^aition 
unit and a flash lamp connected to said 
ignitiotn unit and adapted to produce a lOO 
flash of ultraviolet rays in order directly 

to initiate the reaction of said material said 
flash lamp b^g adapted to produce 
flashes of ultraviolet rays, having a com- 
ponent of a wave length equal to 197.4 nm 105 
effective for curing said material and lying 
within the resopant range of the rad ical of 
said material to be cured. 

8. An apparatus as defined in claim 7, 

in which sard ignition unit comprises a 11& 
source of direct current connected to said 
flash lamp» a condenser between said source 
aiid said flas:h lamp and connected in paral- 
lel to said flash lam.p, and an ignidon dr- 
cuit aperatively associated with said flash 
lamp. 

9. An apparatus as defined in claim 8, 
in which said flash lamp consists of a 
xenon-filled t^ having an ignition winding 
forming a part of said ignition carcuit, said i-^' 
tube at least partly consisting of a material 
permeable for said mys of said wave length 
reqxiired for initiating said exothermic reac- 
tion of said coating material. 

10. An apparatus as defined in claim 125 
7, further comprising means for supplying a 
current to said flash lamp having a currenl: 
density of more than 4000 A/cm= at sm 
output of less than 100 watt seconds and 
producing said flash so as to last for a 130 
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period of less than 50 microseconds. 

11. An apparatus for caring aard hardei- 
ing a coaliDg appliod ia a liquid aniditioa 
substantially as herembefore described with 
refCTMioe to the acoonipaiiyiog drawings. ^ 

12. A infiidliod of waimg and itatdenang 
a coaitdng applied in a liquid coaditioai sab- 
staiidally as herekibef oie described wifli r&- 
ferencc to the accompanying drajvwngs. 
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